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7KH GHYHORSPHQW RI WHFKQLFDO V\VWHPV LV FKDUDFWHULVHG E\
LQFUHDVLQJSRZHUGHQVLWLHVDVZHOODVOLJKWZHLJKWFRQVWUXFWLRQ
VWUDWHJLHV 7KLV DOVR FRQFHUQV PDFKLQH HOHPHQWV IRU WKH
WUDQVPLVVLRQ RI IRUFHV DQG WRUTXHV OLNH IULFWLRQORFNHG
FRQQHFWLRQV HJ IODQJH MRLQWV EROW FRQQHFWLRQV DQG VKDIW WR
FROODU FRQQHFWLRQV $ KLJK FRHIILFLHQW RI VWDWLF IULFWLRQ LV
GHVLUHGLQVXFKDSSOLFDWLRQVWRSHUPLWORZHUWLJKWHQLQJWRUTXHV
RUDUHGXFHGQXPEHURIEROWV
7KHUHDUHVHYHUDODSSURDFKHVWRLQFUHDVHWKHVWDWLFIULFWLRQRI
VXUIDFHV ,Q PHFKDQLFDO HQJLQHHULQJ HOHFWUROHVV QLFNHO
GLVSHUVLRQFRDWLQJVDUHXVHG%\HPEHGGLQJKDUGSDUWLFOHVRI
6L&WXQJVWHQFDUELGHRUGLDPRQGLQWKHFRDWLQJYDOXHVXSWR
μ DUHDWWDLQDEOH7KHSDUWLFOHVSURWUXGHRXWRIWKHFRDWLQJ
DQGJHQHUDWHDVWURQJSORXJKLQJLQWKHFRXQWHUVXUIDFH(LWKHU
WKH FRDWLQJ LV DSSOLHG GLUHFWO\ RQ WKHZRUNSLHFH RU VR FDOOHG
IULFWLRQVKLPVDUHDVVHPEOHGLQWKHFRQWDFW]RQH7KHILHOGVRI
DSSOLFDWLRQ HQFRPSDVV WKH DXWRPRWLYH LQGXVWU\ DQG ZLQG
HQHUJ\ V\VWHPV +DPPHUVWU|P DQG -DFREVRQ JHQHUDWHG
S\UDPLGDOVXUIDFHVWUXFWXUHVDQGH[DPLQHG WKHLU LQIOXHQFHRQ
WKH IULFWLRQDO EHKDYLRXU >@7KH VXUIDFHVZHUHPDQXIDFWXUHG
XVLQJPLFURPHFKDQLFDOWHFKQLTXHVEDVHGRQSKRWROLWKRJUDSK\
HWFKLQJRIVLOLFRQDQGVXEVHTXHQWGHSRVLWLRQRI&9'GLDPRQG
7KH VKDUSHGJHG VWUXFWXUHV DOVR LQGXFH D VWURQJ SORXJKLQJ
FRPSRQHQWDQGYDOXHVXSWRμ ZHUHDFKLHYHG$QRWKHU
DSSURDFKLVWKHVXUIDFHWH[WXULQJE\ODVHUDEODWLRQ>@6XFK
VXUIDFHV DUH FKDUDFWHULVHGE\SURWUXGLQJ VWUXFWXUHV FDXVHGE\
PHOWLQJDQGDEODWLRQSURFHVVHVFRQWULEXWLQJWRKLJKIULFWLRQ,W
FRXOGDOVREHREVHUYHGWKDWODVHUPDFKLQLQJOHDGVWRDQLQFUHDVH
RIWKHVXUIDFHKDUGQHVVZKLFKVHHPVWREHEHQHILFLDOIRUKLJK
FRHIILFLHQWVRIVWDWLFIULFWLRQ
7KHPHQWLRQHGVWUDWHJLHVUHSUHVHQWDGGLWLRQDOSURFHVVHVWKDW
FRPHDORQJZLWKKLJKHUFRVWVDQGUHTXLUHPHQWVIRUWKHTXDOLW\
PDQDJHPHQW 7KLV SDSHU VKRZV DQ DSSURDFK WR LQFUHDVH WKH
FRHIILFLHQW RI VWDWLF IULFWLRQE\ VXUIDFH VWUXFWXULQJGXULQJ WKH
FXWWLQJSURFHVVZLWKRXWDQ\VXEVHTXHQWSURFHVVHV7XUQPLOOLQJ
ZLWK DQ LQFOLQHGPLOOLQJ VSLQGOH LV XVHG WR FUHDWH SURWUXGLQJ
VKDUSHGJHGVXUIDFHVWUXFWXUHVOHDGLQJWRDFODPSLQJZLWKWKH
FRXQWHUVXUIDFH

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2.1. Surface structuring by turn-milling 
)RUWKHH[SHULPHQWVWXUQPLOOLQJRIVSHFLPHQVRIWKHKHDW
WUHDWDEOHVWHHO&U0R47ZDVFDUULHGRXWLQRUGHU
WR GHWHUPLQH WKH LQIOXHQFH RI WKH SURFHVV SDUDPHWHUV RQ WKH
VXUIDFH VWUXFWXUH DQG WKH FRHIILFLHQW RI VWDWLF IULFWLRQ 7KH
NLQHPDWLFVXVHGLVVKRZQLQ)LJ$VDFRPELQDWLRQRIWXUQLQJ
DQGPLOOLQJWKHHQJDJHPHQWSDUDPHWHUVFDQQRWEHDVVLJQHGWR
RQHSURFHVVFOHDUO\DQGKDGWREHGHILQHG7KHWRROLVLQFOLQHG
E\DQDQJOHȕUHODWLYHWRWKHIDFHVLGH6LPLODUWRIDFLQJWKHIHHG
PRWLRQUXQVWRZDUGVWKHZRUNSLHFHD[LVZLWKWKHUDGLDOIHHGfUDG
SHUZRUNSLHFH UHYROXWLRQ+RZHYHU GXH WR WKH WRRO URWDWLRQ
WKHUH LV DQ LQWHUUXSWHG FXW OHDGLQJ WRGHWHUPLQLVWLF VWUXFWXUHV
IDFHWVDWLQWHUYDOVRIWKHIHHGSHUWRRWKf]WDQ LQWKHWDQJHQWLDO
GLUHFWLRQ FRUUHVSRQGLQJ WR WKH FLUFXPIHUHQWLDO GLUHFWLRQ 7R
NHHS WKH IHHG SHU WRRWK f]WDQ DQG WKHUHZLWK WKH IDFHW VL]H
FRQVWDQW WKH URWDWLRQDO VSHHG RI WKH ZRUNSLHFH KDV WR EH
DGDSWHG VLPLODU WR IDFH WXUQLQJ DFFRUGLQJ WR WKH HIIHFWLYH
ZRUNLQJUDGLXVrHII
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2EYLRXVO\LWLVQRWSRVVLEOHWRPDFKLQHWKHHQWLUHIDFHVLGH
LQWKDWPDQQHUEHFDXVHRIWKHUHVWULFWHGUHYROXWLRQVSHHGRIWKH
ZRUNSLHFH7KXVWKLVSURFHVVLVSUHGRPLQDQWO\VXLWHGIRUWKH
PDFKLQLQJRIDQQXODUVXUIDFHV,QFRQWUDVWWRIDFHWXUQLQJWKH
SHULSKHUDO VSHHGRI WKHZRUNSLHFHDW WKHSRLQWRI WKHFXWWLQJ
HGJHHQJDJHPHQWGRHVQRWHTXDWHWRWKHFXWWLQJVSHHGEXWWRWKH
IHHG UDWH LQ WKH WDQJHQWLDO GLUHFWLRQ vIWDQ (T 7KH FXWWLQJ
VSHHGvFLVGHWHUPLQHGE\WKHURWDWLRQDOVSHHGnWDQGGLDPHWHU
dW RI WKH WRRO &RQFHUQLQJ WKH FXWWLQJ VSHHG WKH ZRUNSLHFH
URWDWLRQ FDQ EH QHJOHFWHG 'RXEOHHGJHG 7L$O1 FRDWHG
FHPHQWHGFDUELGHHQGPLOOLQJFXWWHUVZLWKIRXUGLIIHUHQWFRUQHU
JHRPHWULHVZHUHXVHGIRUWKHH[SHULPHQWVSRLQWDFKDPIHU
PP[ E UDGLXV PP F DQG SRLQW ZLWK D WRRO
FXWWLQJHGJHDQJOHRIWKHPLQRUFXWWLQJHGJHRIG)LJ
7KHODWWHULVDVSHFLDOWRROJHRPHWU\ZKLFKLVQRWDYDLODEOHE\
GHIDXOW7KHREMHFWLYHZDVWRFUHDWHDVWHHSIODQNDQJOHRI
DW ȕ   ZLWKLQ WKH VXUIDFH SURILOH WR DFKLHYH D KLJK
SORXJKLQJLQWKHFRXQWHUERG\DQGDKLJKUHVLVWDQFHDJDLQVWD
UHODWLYHPRYHPHQW)LJG7KHFRUQHUJHRPHWU\GHWHUPLQHV
WKH VXUIDFH SURILOH DQG WKH NLQHPDWLF URXJKQHVV LQ WKH
WDQJHQWLDOGLUHFWLRQRtWDQ)LJ)RUDOOH[SHULPHQWVPLQLPXP
TXDQWLW\OXEULFDWLRQZLWKSRO\ROHVWHUZLWKDIORZUDWHRIPO
SHU KRXU ZDV XVHG 7KH SURFHVV SDUDPHWHUV DSSOLHG DUH
SUHVHQWHGLQ7DEOH


)LJ3URFHVVNLQHPDWLFVDQGH[DPLQHGFRUQHUJHRPHWULHV3RLQWD
&KDPIHUE5DGLXVF3RLQWG
7DEOH([SHULPHQWDOVHWWLQJV
3DUDPHWHU 9DOXH 8QLW
)HHGSHUWRRWKf]WDQ  PP
5DGLDOIHHGfUDG  PP
&XWWLQJVSHHGvF  PāPLQ
'HSWKRIFXWaS  PP
7RROLQFOLQDWLRQDQJOHȕ  
7RROGLDPHWHUdW  PP
2.2. Measurement of surfaces 
$WDFWLOHURXJKQHVVPHDVXUHPHQWRIWKHPDFKLQHGVWUXFWXUHV
LVQRWSRVVLEOHEHFDXVHWKHIODQNVRIWKHSURILOHDUHWRRVWHHS
)XUWKHUPRUH WKH DQLVRWURS\RI WKH IDFHWV GRHV QRW DOORZ WKH
PHDVXUHPHQW RI D OLQH URXJKQHVV 7KHUHIRUH DQ RSWLFDO
'ODVHUVFDQQLQJPLFURVFRSH.H\HQFH9.ZDVXVHGIRU
PHDVXULQJ GHWDLOV ZLWK D VL]H RI [PP )LJ 7KH
DQDO\VLVRIWKHPHDVXULQJGDWDZDVFRQGXFWHGZLWKWKHVRIWZDUH
0RXQWDLQV0DS7KHREWDLQHGVXUIDFHGDWDZDVFRUUHFWHG
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GXH WR LQFOLQDWLRQ DQG D PHGLDQ ILOWHU ZDV XVHG IRU QRLVH
UHGXFWLRQ

)LJ5HVXOWLQJVXUIDFHSURILOHDQGNLQHPDWLFURXJKQHVVRtWDQLQWKHWDQJHQWLDO
IHHGGLUHFWLRQIRUGLIIHUHQWFRUQHUJHRPHWULHVȕ  3RLQWD&KDPIHUE
5DGLXVF3RLQWG
2.3. Tribological evaluation 
)RUWKHGHWHUPLQDWLRQRIWKHFRHIILFLHQWRIVWDWLFIULFWLRQD
VSHFLDOWHVWULJRIWKH,QVWLWXWHRI'HVLJQ(QJLQHHULQJDQG'ULYH
7HFKQRORJ\DW7HFKQLVFKH8QLYHUVLWlW&KHPQLW]ZDVXVHG,Q
WKHWHVWULJWZRVSHFLPHQVDUHDUUDQJHGFRD[LDOO\DQGFRQWDFWHG
E\ WKHLU DQQXODU IDFH VLGHV ZLWK DQ LQQHU GLDPHWHU RI
D, PP DQG DQ RXWHU GLDPHWHU RI D$ PP )LJ
$ QRUPDO IRUFHF1 LV DSSOLHG LQ WKH D[LDO GLUHFWLRQ DQG WKH
VSHFLPHQV DUH WZLVWHG DJDLQVW HDFKRWKHU DW  SHU VHFRQG
7KHDQJOHRIWZLVWMDQGWKHIULFWLRQWRUTXHMWDUHUHFRUGHGDW
RQFH )RU DOO H[SHULPHQWV D QRUPDO IRUFH RI F1 N1
QRPLQDO SUHVVXUH 03DZDV DSSOLHG7KH FRHIILFLHQW RI
VWDWLFIULFWLRQLVFDOFXODWHGXVLQJWKHIULFWLRQGLDPHWHUD5
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)RU DOO WHVWV WKH FRHIILFLHQW RI VWDWLF IULFWLRQ μ IRU D
SHUPLVVLEOH WRUVLRQ DQJOH RI  ZDV GHWHUPLQHG )LJ $
GHWDLOHGGHVFULSWLRQRIWKHWHVWSURFHGXUHFDQEHIRXQGLQ>@
)RU WKH FRXQWHU ERGLHV VSHFLPHQV RI WKH VWHHO& 
ZHUH IDFHWXUQHG ZLWK D &IRUPHG LQGH[DEOH LQVHUW ZLWK
rİ PPDQGf  PP

 
)LJ$UUDQJHPHQWRIVSHFLPHQVGXULQJIULFWLRQWHVWOHIWDQGWRUTXHFXUYHV
DVDIXQFWLRQRIWKHFRUQHUJHRPHWU\
(DFKSDUDPHWHUFRPELQDWLRQZDVWHVWHGILYHWLPHV$SDLURI
WZRXQVWUXFWXUHGVSHFLPHQV&YV&U0R47VHUYHGDV
UHIHUHQFHWHVW7KHVHVSHFLPHQVZHUHIDFHWXUQHGZLWKWKHVDPH
FXWWLQJSDUDPHWHUVDVGHVFULEHGIRUWKHFRXQWHUERGLHV$PHDQ
YDOXHRIμ ZDVGHWHUPLQHGIRUWKHUHIHUHQFHWHVW
5HVXOWV
3.1. Process simulation 
,Q RUGHU WR LQYHVWLJDWH WKH LQIOXHQFH RI WKH SURFHVV
SDUDPHWHUV dW f]WDQ fUDG ȕ DQG WKH FRUQHU JHRPHWU\ RQ WKH
UHVXOWLQJVXUIDFHVWUXFWXUHDVLPXODWLRQPRGHOEDVHGRQDGH[HO
PRGHOZDVGHYHORSHGLQ0DWODE'XULQJWKHSURJUDPPHUXQ
WKH WRRO LVPRYHG³WKURXJK´DQ P[QPDWUL[RIQRGHVRID
GHILQHG OHQJWK ZKLFK UHSUHVHQW WKH ZRUNSLHFH VXUIDFH 7KH
PRYHPHQWRIWKHWRROLVGLYLGHGLQWRGLVFUHWHVWHSVGHSHQGHQW
RQ WKH IHHGSDUDPHWHUV f]WDQ DQG fUDG$W HYHU\ VLQJOH VWHS WKH
SHQHWUDWLRQRIWKHWRRODQGWKHQRGHVLVFKHFNHGDQGWKHDOWLWXGH
RIWKHQRGHVLVUHGXFHGUHVSHFWLYHO\,QWKHSUHVHQWFDVHWKHWRRO
LVPRGHOOHGDVDURWDWLRQDOO\V\PPHWULFDOERG\ZKRVHFRQWRXU
HTXDWHV WR WKH FLUFXODU PRYHPHQW RI WKH FXWWLQJ HGJHV LQ D
VWDQGDUG&$'VRIWZDUH7KH&$'PRGHOKDVWREHFRQYHUWHG
LQWR D 'SRLQW FORXG DQG WKHQ FDQ EH LPSRUWHG LQWR WKH
0DWODESURJUDPPH7KHUHVXOWLQJVXUIDFHFDQEHH[SRUWHGDV
DSRLQWFORXGDQGHYDOXDWHGLQ0RXQWDLQV0DS$FRPSDULVRQ
RIVLPXODWLRQDQGH[SHULPHQWLVLOOXVWUDWHGLQ)LJ7KHUHLVD
JRRGDJUHHPHQWFRQFHUQLQJWKHTXDOLWDWLYHVXUIDFHVWUXFWXUHDV
ZHOODVTXDQWLWDWLYHVXUIDFHSDUDPHWHUV


)LJ&RPSDULVRQRIVLPXODWHGDDQGPDFKLQHGEVXUIDFHFKDPIHUHG
FRUQHU
3.2. Experimental results 
7KHLQIOXHQFHRIWKHFRUQHUJHRPHWU\RQWKHFRHIILFLHQWRI
VWDWLFIULFWLRQLVVKRZQLQ)LJ7KHEDUVUHSUHVHQWWKHPHDQ
YDOXHVRIILYHULJWHVWVDWLGHQWLFDOSDUDPHWHUV7KHHUURUEDUV
GHVFULEHWKHPLQLPXPDQGWKHPD[LPXPYDOXHV$OOYDOXHVIRU
μDUHDERYHWKHUHIHUHQFHWHVWXVLQJXQVWUXFWXUHGVSHFLPHQV
7KH KLJKHVW YDOXHV XS WR  ZHUH DFKLHYHG ZLWK WKH
FKDPIHUHG FRUQHU 7KH DSSHQGDQW IULFWLRQ WRUTXH FXUYHV DUH
LOOXVWUDWHG LQ )LJ 7KHUH LV D GLVWLQFW SHDN LQ WKH FXUYHV
JHQHUDWHGZLWKWKHURXQGHGDQGWKHFKDPIHUHGFRUQHU
ap
Rttan
f z
ta
n
ap ap ap
f z
ta
n f z
ta
n
f z
ta
n
Rttan Rttan Rttan
a) b) c) d)
Tool
Work-
piece
Mt
FN
FN
Mt
1.
5
0.5 1 2mm0
m
m
0.
5
0
0
10
20
25
35
m
15
5
39.9
0
10.0
19.9
m
0 2 4 % 8
0 20 40 60 % 100
a)
0 2 4 6 % 1039.8
0
9.95
19.9
m
0 20 40 60 % 100
b)
0.5 1 2mm0
1.
5
0
m
m
0.
5
86   R. Funke and A. Schubert /  Procedia CIRP  45 ( 2016 )  83 – 86 
7DEOHSUHVHQWVWKHFRUUHODWLRQFRHIILFLHQWVEHWZHHQVRPH
VHOHFWHG PHDVXUHG VXUIDFH SDUDPHWHUV DQG WKH FRHIILFLHQW RI
VWDWLF IULFWLRQ $V H[SHFWHG D FOHDU FRUUHODWLRQ FDQQRW EH
YHULILHG ,W FDQ EH VWDWHG WKDW WKHUH LV D VOLJKW WHQGHQF\ WKDW
ORZHUYDOXHVRISzDQGSpOHDGWRDKLJKHUYDOXHVRIμ
7DEOH&RUUHODWLRQRIDUHDOSDUDPHWHUVDQGμ
 Sq Sa Sp Sv Sz Ssk Sku 
&RUUHODWLRQ
FRHIILFLHQW
      


)LJ,QIOXHQFHRIWKHFRUQHUJHRPHWU\RQWKHFRHIILFLHQWRIVWDWLFIULFWLRQ

)LJ&RUUHODWLRQEHWZHHQPD[LPXPSHDNKHLJKWSpDQGWKHFRHIILFLHQWRI
VWDWLFIULFWLRQμ
7KHYDOXHVIRUWKHPHDVXUHGPD[LPXPSHDNKHLJKWSpDQG
WKHDSSURSULDWHFRHIILFLHQWRIVWDWLFIULFWLRQRIDOOH[SHULPHQWV
DUH LOOXVWUDWHG LQ )LJ 7KHUH DUH VLJQLILFDQW GLIIHUHQFHV
EHWZHHQWKHYDOXHVZLWKLQFHUWDLQWHVWVHULHV7KHFDXVHVDUHQRW
IXOO\XQGHUVWRRG\HW)LUVWRIDOOWKHUHLVDOZD\VDJHRPHWULFDO
GHYLDWLRQ EHWZHHQ WKH FXWWLQJ HGJHV XVLQJ PXOWLSOHHGJHG
WRROV7KLVUHVXOWVLQKLJKHUURXJKQHVVYDOXHVIRUFXWWLQJWRROV
LQPLQWFRQGLWLRQ'XULQJWKHFXWWLQJSURFHVVWKHJHRPHWU\RI
WKHFXWWLQJHGJHVDSSUR[LPDWHVGXHWRWKHLQFUHDVLQJWRROZHDU
$UDGLDO UXQRXWDQGYLEUDWLRQVRI WKH WRRODUH IXUWKHUFDXVHV
VXSHULPSRVHGWRWKHSULRUO\PHQWLRQHGHIIHFWV%H\RQGWKDWD
FKLSSLQJ RI WKH WRRO FRUQHU UHVXOWV LQ LQFUHDVHG URXJKQHVV
YDOXHV
7R XQGHUVWDQG WKH HIIHFWLYH IULFWLRQ PHFKDQLVPV LQ WKH
FRQWDFW]RQHLWLVQHFHVVDU\WRH[DPLQHWKHVXUIDFHVDIWHUWKHULJ
WHVW ,Q )LJ WKH VWUXFWXUHG VXUIDFH ZKLFK JHQHUDWHG WKH
KLJKHVWFRHIILFLHQWRIVWDWLFIULFWLRQDQGWKHDSSHQGDQWFRXQWHU
VXUIDFH DUH SUHVHQWHG ,W FDQ EH VHHQ WKDW WKH VWUXFWXUHV KDG
SHQHWUDWHG LQWR WKH FRXQWHU VXUIDFH 'XULQJ WZLVWLQJ WKH
VWUXFWXUHVLQGXFHDVWURQJSORXJKLQJXQWLOWKHSHDNVDUHEHLQJ
VKHDUHGRII7KLVLVLQJRRGDJUHHPHQWZLWKWKHIULFWLRQWRUTXH
FXUYHLQ)LJ


)LJ6WUXFWXUHGVXUIDFHFRUQHUJHRPHWU\FKDPIHUDDQGFRXQWHUVXUIDFH
EDIWHUULJWHVW
6XPPDU\DQGFRQFOXVLRQV
$GHYHORSHGGH[HOEDVHG0DWODEVLPXODWLRQPRGHOSHUPLWV
D TXDOLWDWLYH DQG TXDQWLWDWLYH SUHGLFWLRQ RI WKH VXUIDFH
JHRPHWU\ DQG WKH HYDOXDWLRQ RI VSHFLILF DUHDO VXUIDFH
SDUDPHWHUV7KHLQIOXHQFHRIWKHWRROFRUQHUJHRPHWU\RQWKH
VXUIDFH VWUXFWXUH DQG WKH FRHIILFLHQW RI VWDWLF IULFWLRQ ZDV
LQYHVWLJDWHG,QDOOH[SHULPHQWVDQLQFUHDVHRIWKHFRHIILFLHQW
RI VWDWLF IULFWLRQ μ FRXOG EH DFKLHYHG LQ FRPSDULVRQ WR
XQVWUXFWXUHGVXUIDFHV)RUμYDOXHVXSWRZHUHDFKLHYHG
ZLWKDFKDPIHUHGFRUQHU7KXV WKHYDOXHVDUHFRPSDUDEOH WR
WKDWDFKLHYHGZKHQXVLQJIULFWLRQVKLPV
)XUWKHUH[SHULPHQWVZLOOIRFXVRQWKHLQIOXHQFHRIWKHIHHG
FRPSRQHQWVRQWKHVXUIDFHVWUXFWXUHDQGWKHFRHIILFLHQWRIVWDWLF
IULFWLRQ)XUWKHUPRUH WKH LQIOXHQFHRIFXWWLQJVSHHGDQG WRRO
ZHDURQWKHVWUXFWXUHDQGWKHKDUGQHVVRIWKHH[WHUQDO]RQHDQG
LWVLQIOXHQFHRQWKHIULFWLRQDOEHKDYLRXUKDYHWREHGHWHUPLQHG
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